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A method of cleaving an optical ?ber and apparatus therefor 
including a hand tool Wherein the optical ?ber to be cleaved 
(6) has a natural path. The method of cleaving includes 
de?ecting the optical ?ber (6) aWay from its natural path in a 
?rst direction and at a point spaced longitudinal along the 
length of the ?ber de?ecting the optical ?ber in a second 
direction opposed to the ?rst direction. The opposing de?ec 
tion induce internal stresses in the ?ber that extend substan 
tially across the core of the optical ?ber over a region of the 
length of the optical ?ber. The ?ber may then be scratched in 
this region With a cleaving blade (5) so as to induce cleaving 
of the optical ?ber. The cleaving is controlled by controlling 
the internal stresses induced in the ?ber by in turn controlling 
the degree of de?ection induced in the ?ber. Further the ?ber 
(6) may be placed under extension to assist in the control of 
the stresses induced. 
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CLEAVING APPARATUS 

[0001] This invention relates to cleaving of optical ?bers 
including a method of cleaving an optical ?ber and apparatus 
including the method of cleaving an optical ?ber, in particu 
lar, cleaving an optical ?ber Which is clamped in one or more 
controlled Ways. 
[0002] Transmission of data using optical ?bers is a Well 
known, and advantageous method of communication. The 
use of optical ?bers is, for example, extremely common in the 
telecommunications, automotive and aerospace industries. 
Optical ?bers, and the use of such optical ?bers, have many 
advantages over the still more common copper cable based 
systems, including, for example, immunity from electrical 
interference and increased data transmission rates and accu 
racy. 
[0003] An optical ?ber generally consists of a long strand 
of silica glass, the center of Which has a differing refractive 
index to the surrounding glass, causing optical con?nement 
of the light in the core of the ?ber. Each ?ber, and particularly 
the core of each ?ber, requires proper termination so that 
individual sections of optical ?ber can be joined together so 
that light can cross from one ?ber to the next, for example, 
Where the ?ber passes through a bulkhead or Where optical 
transmitters or detectors require attachment to the ?ber. Joins 
are typically made using specialist connectors, such as 
mechanical splices or the like. 
[0004] Proper termination of the optical ?ber requires that 
an end surface of the ?ber is left substantially planar and 
atomically smooth, at a predetermined angle to the axial 
center of the ?ber, thereby alloWing the unhindered passage 
of an optical signal across the join. The end surface is usually 
required to be substantially perpendicular to the axial center 
of the ?ber. HoWever, some applications require other prede 
termined angles to be utilised. 
[0005] Perpendicular end surfaces, for example, can result 
in approximately 4% of the light transmitted through the ?ber 
and across the join being re?ected back doWn the optical ?ber. 
HoWever, terminating the end surface at a predetermined 
angle of approximately 8° from the perpendicular substan 
tially eliminates back re?ections. 
[0006] Typically, termination is achieved by cleaving the 
optical ?ber, to give an end surface of the desired quality, at 
the predetermined angle, and cleaving is generally preferred 
because it is simple and, hence, more convenient than alter 
native techniques such as end polishing. 
[0007] Typically cleaving involves scratching the silica 
region of the optical ?ber to produce a starter crack, after 
removal of a section of its protective coating for access of the 
blade to the silica, Whilst tensioning the silica region to cause 
the crack to propagate to complete the cleave. 
[0008] Typically, application of a tensile force of a feW 
NeWtons is su?icient to cause immediate cleaving of the ?ber 
once a starter crack has exceeded a certain critical depth of 
only a feW microns. Once initiated, the cleave propagates 
generally perpendicular to the internal stresses in the ?ber. 
For example, if the applied tension is exactly axial, the 
cleaved end Will be substantially perpendicular to the central 
axis of the ?ber. 
[0009] HoWever, applied tensile forces With non-axial com 
ponents can result in non-perpendicular cleaved ends. There 
fore control of the non-axial components may be utilised in 
order to produce a cleave at a particular predetermined non 
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perpendicular angle, additional uncontrolled non-axial com 
ponents are highly undesirable. Such uncontrolled compo 
nents can often arise, for example, from the tWisting or 
shearing of the ?ber. 
[0010] Furthermore, excess tension can result in the crack 
propagating With excess energy, Which can cause it to branch 
undesirably, leaving a roughened quality to the surface. Con 
versely, insu?icient applied tension results in the critical 
crack depth, required to initiate propagation, being too large. 
Such a large critical crack depth requires a force to scratch the 
?ber Which is so large that displacement of the ?ber can occur, 
leading to uncontrolled end angles, damage to the blade used 
to scratch the ?ber, etc. 
[0011] The tension and/or the depth of the starter crack 
required to cleave the ?ber can be reduced by bending the 
?ber slightly prior to scratching, using for example an anvil. 
The use of an anvil has the further advantage that it can be 
used to resist the cutting force required to introduce a scratch 
thereby alloWing more controlled cleaving. For example, an 
applied tension of approximately 2 NeWtons applied to a 125 
micron diameter silica strand, having an anvil induced de?ec 
tion of about 125 microns, Will cause cleaving for a starter 
crack of depth 2 to 3 microns. Larger diameter ?bers require 
greater tensions, approximately proportional to the cross sec 
tional area of the ?ber, to initiate cleaving. 
[0012] A common aspect associated With a large number, if 
not all, cleaving tools currently available relates particularly 
to the means of holding the ?ber to be cleaved in the tool prior 
to initiation of the cleaving operation. Control of the direction 
and quality of the cleave requires control of the internal 
stresses in the ?ber(s). It has been thought that, in order to 
propagate the starter crack as a cleave across the ?ber(s), the 
?ber(s) needed to be tightly held at tWo points to maintain 
tension in the ?ber. For example, the FKl 1 tool from Photon 
Kinetics (Oregon, USA), the RXS tool from Siemens (Ger 
many) and the AFC tool from Oxford Fiber (Rugby, UK) all 
use metal clamping surfaces to clamp and trap the ?ber(s). 
Such clamping betWeen the metal and the glass of the ?ber(s) 
can lead to damage to the ?ber(s), damage to the clamping 
surfaces and di?iculty in clamping more than one ?ber 
because all ?bers in a ribbon need to be held and stressed 
independently and equally. 
[0013] The present invention is concerned With overcom 
ing or in the least alleviating the above mentioned problems 
associated With clamping the ?ber(s) so that the internal 
stresses required to propagate the cleave can be controlled. 
Speci?cally this invention deals With using the de?ection of 
the ?ber from its natural path at or near to the cleave point to 
induce internal stresses in the ?ber to propagate and control 
the cleave 
[0014] In accordance With the present invention an optical 
?ber Which has a natural path is cleaved by de?ecting the 
optical ?ber aWay from its natural path in a ?rst direction and 
spaced longitudinal along its length de?ecting the optical 
?ber in a second direction opposed to the ?rst direction so as 
to induce internal stresses in the ?ber that extend substantially 
across the core of the optical ?ber over a region of the length 
of the optical ?ber and scratching the surface of the optical 
?ber in the region With a cleaving blade so as to induce 
cleaving of the optical ?ber Wherein the cleaving is controlled 
by controlling the internal stresses induced in the ?ber. 
[0015] When an optical ?ber is de?ected, or bent, and then 
caused to re-bend substantially back on itself, for example 
forming a “S-bend”. The shape of the re-bend used to effect 
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the cleave can be a simple curve arrangement or alternatively 
a more complex shape. Internal stresses are induced in the 
optical ?ber as a result of the re-bend that extend longitudi 
nally along the optical ?ber for a portion of its length, these 
stresses Will be present also across the Width of the ?ber or a 
signi?cant portion of the Width of the ?ber. 
[0016] It Will be appreciated by those skilled in this ?eld 
that de?ection or bending an optical ?ber induces stresses that 
are related to the magnitude of the de?ection or bend and that 
for a simple curve the optical ?ber Will be in extension on the 
outer side of the curve and compression on the inner side of 
the curve. Further the internal stresses Will vary betWeen 
extension forces and compression forces, as Well as magni 
tude, across the Width of the ?ber and in the transition there 
Will be a neutral Zone When no internal stresses are effectively 

present. 
[0017] As Will be understood by a man skilled in the art 
When an optical ?ber is cleaved the extensive stresses in the 
?ber provide a degree of control to the cleave Which enables 
cleaving in a determined plane. This plane can be either 
perpendicular to the optical ?ber or at an angle to the perpen 
dicular. HoWever, When the cleave passes into or through an 
area Where the stresses in the optical ?ber are not high 
enough, or through a region Where the stresses are Zeroi 
knoWn as the neutral axis4or a region Where the stresses are 
compressive, the control of the cleave is lost and the path of 
the cleave takes on an uncontrolled nature. This can lead to a 

spur forming on one end of the cleaved optical ?ber during 
cleaving. It is therefore important that the extensive stresses 
induced in the ?ber are induced in such a manner as to alloW 
the control of the internal stresses to extend across the Width 
of the core of the optical ?ber. 

[0018] The provision of a simple de?ection or bend in a 
?ber is not normally suf?cient to control the stresses in the 
region of the core of the ?ber and so the resultant cleave Will 
be uncontrolled in the region of the core of the ?ber and light 
Will not traverse the termination of the ?ber. 

[0019] It is the control of the curvature, therefore, that 
provides a means by Which the induced stresses Within the 
?ber can be controlled in order to facilitate cleaving of the 
?ber in a controlled manner. 

[0020] Further the optical ?ber may also be placed under 
extension in the longitudinal direction. This provides a means 
by Which the location of the neutral axis in the de?ected ?ber 
can be moved across the Width of the ?ber. 

[0021] Typically an optical ?ber includes a plastic coating 
about an optical glass strand. The coating is provided to 
protect the glass strand of the ?ber, and to facilitate e?icient 
cleaving of the optical ?ber has to be stripped from an end 
section of the ?ber to expose the glass strand. Normally it is 
the end section of the ?ber Which is cleaved and on Which a 
cleaving tool Will operate. The present invention utilises the 
de?ection of the glass strand to induce the internal stresses 
needed in the ?ber to enable e?icient cleaving and therefore 
the end section of the optical ?ber does not necessarily need 
to be held. For example, de?ection of the optical ?ber can be 
achieved by movement of components in the apparatus and 
therefore the optical ?ber Will be constrained but is not 
trapped. This can be referred to as “non-trapping” clamping 
of the optical ?ber. 
[0022] Further to facilitate the cleaving of the ?ber the ?ber 
may be clamped remotely of the cleave area, being clamped 
around the coated ?ber. 
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[0023] Yet further to facilitate the cleaving, the ?ber(s) may 
be contained Within a ferrule(s) or other containing member 
(s), distant from or adjacent to the stripped section of the 
?ber(s), Wherein the ferrule is clamped and the ?bers con 
tained therein are therefore clamped. 
[0024] Typically all presently available cleaving apparatus 
use a clamping system Which traps the optical ?ber in the 
region of the ?ber in Which the cleave Will take place, a load 
is directly applied to the ?ber With this arrangement. This type 
of arrangement is referred to as “hard” clamping, i.e., the ?ber 
is constrained from moving in the presence of a longitudinal 
force As Will be Well appreciated by the man skilled in the art 
With “hard clamping” systems there is a signi?cant chance 
that the glass strand may be damaged. 
[0025] In the present invention the non-trapping nature of 
the cleaving system means that this problem of damaging the 
?ber With the load applied in trapping the ?ber is overcome. 
[0026] Further With conventional systems the trapping 
clamps mean that the space in the vicinity of the cleave is 
cluttered and access of the cleaving blade to the ?ber to effect 
the cleave inhibited. The present invention negates the need 
for close clamping means and this problem is also overcome. 
[0027] The invention also envisages an intermediate 
clamping system, referred to as “soft clamping” in Which the 
?ber is partially trapped but able to move longitudinally 
through the clamp if the force exceeds a certain value. “Non 
trapping” clamping does not provide signi?cant resistance to 
longitudinal movement of the ?ber through the clamps. 
[0028] The advantages that are available With non-trap 
ping, or soft clamping, cleaving includes: 
[0029] surfaces of the clamps Will not be damaged by 
excess pressure When trying to “hard clamp” an optical ?ber 
for cleaving: 
[0030] ?ber Will not be damaged because loWer clamping 
pressures than required are used; 
[0031] ribbon ?ber cleaving becomes an easy and repeat 
able operation; 
[0032] optical ?ber off cuts can be disposed of more easily; 
[0033] loWer tolerances Will be required in order to clamp 
?ber off cuts leading to reduction in the cost of the production 
units for such cleaving tools; 
[0034] the offcut could be used as an optical jumper for 
transmitting optical signals over distances as short as 3 mm 
(very di?icult to achieve if you are hard clamping); and 
[0035] mechanical optical splicing tools that involve butt 
ing together of angled cleaves (reducing back re?ection) are 
possible. 
[0036] Apparatus provided for cleaving an optical ?ber in 
accordance With the ?rst aspect of the present invention, 
Which optical ?ber passes through the apparatus along a natu 
ral path and has an end section thereof in Which the glass 
strand of the ?ber is exposed, includes means to de?ect the 
optical ?ber from its natural path in a ?rst direction; means to 
de?ect the optical ?ber from its natural path in a second 
direction in opposition to the ?rst direction; and means to 
scratch and cleave the optical ?ber Wherein the end section of 
the optical ?ber may or may not be trapped and the de?ection 
of the optical ?ber induces the ?ber to re-bend so that internal 
stresses in the ?ber over a region of the length of the ?ber are 
induced and the means to scratch is operated to scratch the 
surface of the ?ber in the region and the cleave induced. 
[0037] In accordance With the present invention the end 
section of the optical ?ber may or may not be trapped but is 
preferably con?ned. 
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[0038] In one arrangement of the present invention the 
apparatus also acts to apply a longitudinal extension force to 
the optical ?ber. In order to effect this the coated strand 
portion may be “hard” clamped remotely of the cleave site. 
This clamping Will be in a region of the ?ber Where the strand 
is protected by the protective jacket of the ?ber. 
[0039] The apparatus may also include an anvil. Any con 
ventional type of anvil may be used for example a single arm 
or double arm arrangement. In the instance Where a perpen 
dicular cleave is required the preferred option is a single pole 
anvil. HoWever in the instance Where an angled cleave is 
required a tWin pole or arm anvil is preferred. The arms/poles 
of the anvil can be preset to provide a de?ned angle of cleave 
and/ or the anvil arrangement may be rotated about as fulcrum 
to provide the desired angle of cleave. 
[0040] In one embodiment of the present invention, the 
means to de?ect the optical ?ber from its natural path may 
include at least one guide rod Which guide rod is movable in 
relation to the ?ber so that it de?ects the optical ?ber from its 
natural path inducing the necessary internal stresses in the 
?ber. 

[0041] The guide rod may be formed With means, for 
example, a groove, in its surface to enable the optical ?ber 
being de?ected to be located and correctly aligned With 
regard to the guide rod to facilitate accurate cleaving. The 
groove may be formed so that When the ?ber is located Within 
the groove said ?ber Will extend above the sides of the groove. 
This Will enable ready access for a blade to scratch the ?ber 
and, therefore, facilitate cleaving of the ?ber. 
[0042] The guide rod may be formed from any suitable 
material, or may be coated With any suitable material. The 
guide rod may be formed, or coated, With a material that acts 
to grip the material of the coating of the optical ?ber. 
[0043] Alternatively the means to de?ect the optical ?ber 
may comprise tWo plate like components betWeen Which the 
end section of the optical ?ber is located. Further still com 
ponents of the apparatus, for example the anvil or the blade 
may include or comprise the means to de?ect. 

[0044] In an arrangement of the apparatus of the invention 
the means to de?ect the end section of the optical ?ber in a 
?rst direction comprises a guide rod and the means to de?ect 
the optical ?ber in a second direction comprises tWo ?at plates 
like members that con?ne the optical ?ber inducing the nec 
essary de?ection to induce the internal stresses. 

[0045] In an alternative arrangement of the invention the 
means to de?ect the optical ?ber comprises a ferrule located 
over the end of the ?ber to be cleaved and the optical ?ber is 
located loosely, so that it is not trapped, betWeen closely 
orientated components so that the ferrule can be moved to 
induce a S-bend in the ?ber. The optical ?ber is then cleaved 
in the normal manner. If an angled cleave is to be induced in 
the ?ber the ferrule can be located so as to present the ?ber for 
the correct angle of cleaving. HoWever if a perpendicular 
cleave is desired a further component, for example anvil, or 
guide rods may be used to correctly orientate the optical ?ber 
for cleaving. 
[0046] Apparatus made in accordance With the present 
invention may be used to cleave either single optical ?bers or 
ribbon arrayed optical ?bers. 
[0047] In the latter example Where a ribbon ?ber array is 
being cleaved the methodology of the present invention is 
used in a technique in Which a WindoW is opened in the 
encapsulation surrounding the ribbon array so as to alloW 
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access to the optical ?bers and alloW de?ection by an anvil 
and scratching by a blade in accordance With the present 
invention 
[0048] In the example of the cleaving of an optical ?ber 
ribbon array the ribbon has to have the encapsulation coating 
on the ribbon removed to provide blade access to the optical 
?bers so that the ribbon array can be cleaved. The ribbon 
encapsulation may be removed using the folloWing method 
detailedbeloW Wherein the ribbon is placed in a stripping tool, 
for example a thermo mechanical stripping tool Which is 
heated to approximately 85°-90° C. to facilitate stripping of 
the ribbon coating. HoWever, other means may be used to 
remove the encapsulation for blade access including laser 
ablation, laser or arc heating or heating by use of a jet or bursts 
of hot air. 
[0049] The elevated temperature is su?icient to break the 
bond betWeen the coating and the glass ?bers, alloWing easy 
removal by pulling off the coating. HoWever, if the coating 
tube is only partly pulled off, a glove of coating remains over 
the ?bers and if the ribbon is alloWed to cool, the coating 
partially reforms a bond With the optical ?bers, providing 
resistance to further removal of the coating glove from the 
?ber ribbon. This coating glove can be used to clamp the 
?bers contained therein during subsequent operations such as 
cleaving. 
[0050] The encapsulation of the ribbon ?ber may be Win 
doW-stripped as folloWs: 

[0051] the encapsulated ribbon is located in a ?ber clip 
that is placed in a thermal stripping tool so that approxi 
mately 22 mm of the distal end of the coating is removed 

[0052] the ribbon is repositioned in the clip With approxi 
mately 33 mm protruding and replaced in the thermal 
stripper. The stripper may be placed in a jig With a stop 
to limit the distance the second piece of coating is pulled 
off by the stripping tool to about 10 mm 

[0053] the ribbon has noW been WindoW stripped. 
[0054] The ribbon comprises a length of stripped ?bers 
bounded on one side by the untouched encapsulation and on 
the other by the partly stripped coating glove 
[0055] The WindoW-stripped ribbon, still located in the clip 
may be placed in a cleaving tool and cleaved in accordance 
With the present invention as folloWs: 

[0056] clamping each of the ?ber(s) at tWo points by 
clamping through the coating 

[0057] tensioning each of the ?bers by de?ecting the 
?ber(s) laterally betWeen the clamps using an anvil 

[0058] bending and/or shearing the ?ber(s) using the 
anvil to change the stress pro?le in the ?ber(s) and to 
provide resistance to the scratching means 

[0059] scratching the stressed ?ber(s) With a sharp edge 
such as a diamond blade 

[0060] In this cleaving process: 
[0061] perpendicular cleaves for subsequent splicing are 

obtained by using a tWo armed anvil and scratching there 
betWeen 

[0062] angled cleaves for reduced back-re?ection are 
obtained by using an anvil to shear the ?ber betWeen the 
anvil and the clamp prior to scratching With the blade, as 
taught by Murgatroyd in PCT/GB98/0l598. The anvil 
used may be a one armed/post anvil or alternatively a 
tWo armed/post arrangement. If a tWo arm/post arrange 
ment of anvil is adopted the ?ber Would be bent non 
symmetrically, eg when the arms of the anvil are of 
unequal length, the anvil does not act centrally in the gap 
or When the clamping surfaces on either side of the blade 
are of different heights 
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[0063] The above-described cleaving technique may be 
adapted for ribbon cleaving and enables reliable ribbon cleav 
ing to be readily obtained. In one example a 4-?ber perpen 
dicular cleave achieved end angles Within 0.5° of perpendicu 
lar for all 4 ?bers, and a 4-?ber angled cleaving achieved end 
angles across the core 8° aWay from perpendicular Within 11° 
for all ?bers. The cleave lengths achieved Were all the same to 
Within 25 microns. 
[0064] The above description describes Where the coating 
is removed for blade access to the ?ber(s) that are scratched 
and cleaved due to their internal stress induced by de?ection 
from their natural path. HoWever, this invention also includes 
the case in Which the coating is not removed, rather the glass 
is scratched through its coating, causing a starter crack to be 
generated in the ?ber Which spreads due to the internal 
stresses induced in the ?ber(s) by their de?ection to effect the 
cleave. Scratching the glass through its coating is used When 
the coating is either thin or dif?cult to remove, as in the case 
of thin polyimide coatings. 
[0065] The above description includes a blade to scratch the 
?ber(s) and this may be in the form of a linear sharpened 
blade, e.g. made from diamond or other hard material, or in 
the form of a circular sharpened blade or blade of other shape 
or material. To create the scratch, the blade may be moved in 
to the ?ber or vice-versa. The angle of attack may be perpen 
dicular, tangential or intermediate. One example is seen in the 
tool made by Fujikura, Japan and others, in Which a circular, 
sharpened metal or carbide blade is passed under the ?bers, 
and its height adjusted to just touch and so scratch the ?bers. 
Another example is seen in the tool made by Oxford Fiber, 
UK in Which a linear, sharpened diamond blade is driven at a 
glancing angle of about 20 degrees from the tangent. 
[0066] Other applications are also envisaged Where photo 
sensitive WindoW-stripped ?bers are each clamped through 
their coatings and are introduced in to an apparatus for Writing 
Fiber Bragg Gratings (FBGs) in to the stripped ?bers by 
illumination With UV light through a phase mask. The clamp 
ing of each of the ?bers alloWs the ?bers to be tensioned prior 
to production of the FBGs so that the operating Wavelength of 
the FBGs When the tension is released can be controlled using 
a single-phase mask. 
[0067] In one particular embodiment of the present inven 
tion the apparatus in accordance With the present invention 
includes one or more members, for example, an “O” ring, 
Which are provided to soft clamp the coated optical ?ber(s). In 
this arrangement the members (“0” rings) trap the coated 
?ber against a second surface, for example, the reference 
plane of an optical ?ber cleaving tool. 
[0068] The members are preferably “O” rings and may 
comprise elastomeric or elastomeric coated “O” rings. In an 
alternative con?guration resilient members are used, for 
example a simple leaf spring Which acts against the ?ber end. 
The resilient member may be coated With an elastomeric 
material to protect the ?ber being held. 
[0069] One example of the use of this soft clamping tech 
nique is in a hand tool for cleaving optical ?bers Which hand 
tool comprises a handle; a bed pivotally mounted to the 
handle providing the reference plane for cleaving of an opti 
cal ?ber; an anvil pivotally located With respect to the refer 
ence plane and including ?ber de?ector means that is 
designed to extend into a throughWay provided in the refer 
ence plane; means to locate an optical ?ber to be cleaved With 
respect to the reference plane so that it extends across the 
throughWay in the reference plane; one or more means of 
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clamping the ?ber to the reference plane on either side of the 
throughWay; and a cleaving blade arrangement located to 
scratch the optical ?ber as it extends across the throughWay in 
the reference plane Wherein an end section of the optical ?ber 
having the coating stripped therefrom is located in the means 
to locate and so extends over the throughWay and When the 
hand tool is operated the anvil pivots With respect to the 
reference plane so that the at least one elastomeric member or 
elastomeric coated member engage the reference plane 
immediately adjacent the throughWay soft clamping the opti 
cal ?ber and the optical ?ber de?ector means in combination 
With the sides of the throughWay de?ects the optic ?ber in a 
?rst direction on one side and in a second direction on the 
other side from its natural path inducing the necessary inter 
nal stresses in the optical ?ber in the region across the 
throughWay and the blade scratches the optical ?ber to effect 
the cleaving of the optical ?ber. 
[0070] It Will be appreciated that resilient means may also 
be used to clamp the ?ber(s) against the second surface on one 
or both sides of the throughWay. The clamping of the ?ber(s) 
may be “hard-”, “soft-” or “non-trapping-” clamping on one 
or both sides of the throughWay provided that controlled 
internal stresses are induced across the core of the ?ber for 
control of the cleaving. 
[0071] The means to locate the optical ?ber may comprises 
location doWels arranged in pairs Wherein the optical ?ber is 
disposed betWeen the respective doWels of a pair for locating 
the optical ?ber. The doWels Will normally be arranged in 
pairs located at discrete points along the length of the natural 
path of the optical ?ber and preferably are disposed on both 
sides of the throughWay respective of the natural path of an 
optical ?ber. 
[0072] The spacing betWeen the doWels in a pair of doWels 
may be set to alloW passage of the coated ?ber or the glass 
strand of the ?ber only and thereby provide the means Which 
positions the end section of a ?ber to be cleaved and ?xes it for 
the cleaving operation. 
[0073] Consequently, With this embodiment the use of the 
“O” rings or elastomeric coated member in this manner to 
locate the end section of the optical ?ber is not necessarily 
“hard clamping”. The “O” ring or elastomeric coated member 
grips the optical ?ber by the very nature of the material from 
Which it is formed and places a pressure on the ?ber causing 
bending of the ?ber and so controlled internal stresses across 
the cores of the ?bers. 

[0074] The throughWay may be provided With side depres 
sions Which in the operation of the tool at least one elasto 
meric member or elastomeric coated member locates and 
traps the ?ber 
[0075] The “O” rings or elastomeric coated member may 
be con?gured in a group or as one or more discrete members 

or groups. In one arrangement of the invention “O” rings are 
provided on both sides of the throughWay. It Will be appreci 
ated that the “O” rings may be provided on one side of the 
throughWay only. These con?gurations equally apply to the 
use of elastomeric coated members. 

[0076] The “O” rings may be arranged so that they engage 
the optical ?ber via the outer side Wall, such they are standing 
up, or in an alternative con?guration they may arranged on 
their side so that diametrical opposed side portions of the “O” 
ring engage the optical ?ber, such that they are lying doWn. 
[0077] In all of the above examples, the tool may also 
include a pre-clamping member Which clamps the coated 
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optical ?ber in place at a position remotely of the cleave area. 
The pre-clamping member may comprise a member pivotally 
mounted to the bed. 
[0078] Alternatively, in all of the above descriptions, the 
?ber(s) may be contained Within a ferrule(s) or other contain 
ing member(s), distant from or adjacent to the cleave area, 
Wherein the ferrule is clamped and the ?bers contained 
therein are therefore clamped. 
[0079] The invention Will noW be described by Way of 
example, With reference to the accompanying drawings, in 
Which: 
[0080] FIG. 1a shoWs a schematic representation of optical 
?ber lying in its natural path; 
[0081] FIG. 1b shoWs a schematic representation of optical 
?ber cleaving apparatus in accordance With the present inven 
tion; 
[0082] FIG. 1c shows a schematic representation of optical 
?ber cleaving apparatus in accordance With the present inven 
tion; 
[0083] FIG. 1d shoWs a schematic representation of 
cleaved end of the optical ?ber after cleaving; 
[0084] FIG. 1e shoWs a schematic representation of cleaved 
end of the optical ?ber after cleaving; 
[0085] FIG. 1fshoWs a tWo arm anvil arrangement suitable 
for use With the present invention: 
[0086] FIG. 2 shoWs a schematic representation of a 
cleaved ?ber end; 
[0087] FIG. 3 shoWs a cross-sectional vieW of a 4-?ber 
ribbon With primary coating around each ?ber and all 4 ?bers 
enclosed by an encapsulation. 
[0088] FIG. 4a shoWs a ?ber ribbon With its distal end 
stripped; 
[0089] FIG. 4b shoWs a ?ber ribbon With a coating glove; 
[0090] FIG. 5a shoWs a plan vieW of the thermal stripper 
suitable for use With this invention in the manufacture of a 
ribbon cleave; Where the stripper is shoWn placed in a cradle 
[0091] FIG. 5b shoWs a cross-sectional vieW of the stripper 
shoWn in FIG. 5a; 
[0092] FIG. 6 shoWs a WindoW-stripped ?ber ribbon; 
[0093] FIG. 7 shoWs the side vieW ofa ?ber ribbon; 
[0094] FIG. 8 shoWs a diamond blade scratching tensioned 
and de?ected ?bers; 
[0095] FIG. 9 shoWs the shape of the end angle obtained: 
[0096] FIG. 10 shoWs the side vieW of a WindoW-stripped 
?ber ribbon of FIG. 9 With a 2-armed anvil suitable for near 
perpendicular cleaving; 
[0097] FIG. 11 shoWs a WindoW-stripped ?ber clamped 
through its coating; 
[0098] FIGS. 12 and 13 shoW a hand tools that operates in 
accordance With the present invention; 
[0099] FIG. 14 shoWs a schematic representation of optical 
?ber de?ected by the anvil in to the opening of the reference 
plane to form an angled cleave; 
[0100] FIG. 15 shoWs a schematic representation of optical 
?ber de?ected by the anvil in to the opening of the reference 
plane to form a near perpendicular cleave; and 
[0101] FIG. 16 shoWs an alternative anvil arrangement; 
[0102] FIGS. 17 and 18 shoW alternative methods of re 
bending the ?ber for cleaving in accordance With the present 
invention. 
[0103] NoW referring to FIG. 1 of the draWings, there is 
shoWn a schematic representation of cleaving apparatus made 
in accordance With the present invention. The cleaving appa 
ratus 1 includes remote pre-clamping means 2, optical ?ber 
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directing means 3, an anvil 4 and a cleaving blade 5. The 
optical ?ber directing means 3 comprises tWo plate members 
8 Which con?ne the optical ?ber. 
[0104] In use, an optical ?ber 6, optionally including a 
coating 9, that has an end section 7 that is deployed through 
the clamping means 2 by the anvil 4, past the blade 5 and 
betWeen the plates of the optical ?ber directing means 3. The 
?ber is deployed so that the end section 7 over Which the 
coating has been removed is in the vicinity of, or adjacent to, 
the cleaving blade 5. 
[0105] FIG. 1a shoWs the ?ber lying in the apparatus in its 
natural pathiie. not yet de?ected. This de?nes the natural 
position of the optical ?ber 6 in the apparatus Wherein it is 
loosely located and is free from tension or stress. The optical 
?ber may be deployed in any locating means provided in the 
apparatus, for example a groove provided in the pre-clamp 2 
or the optical ?ber directing means 3. 
[0106] In operation, as shoWn in FIG. 1b, the pre clamp 2 is 
activated, holding the coated optical ?ber 6 in position. The 
anvil 4 moves in the direction of arroW A de?ecting the optical 
?ber 6 from its natural path and forcing it doWnWardly 
toWards the cutting blade 5. The con?nement of the optical 
?ber 6 in the optical ?ber directing means 3 causes the ?ber 6 
to re-bend and so inducing internal stresses to form in the 
optical ?ber in the region of the adjacent the bending of the 
?ber 6. In operation the amount of the de?ection induced in 
the ?ber is dependent on the siZe of the glass strand of the 
?ber, With greater de?ections required for smaller ?ber diam 
eters and vice-versa. Typically, de?ections in the range of 
0.02 mm to 2 mm are used for 125 micron diameter ?ber for 
spacing betWeen the anvil 4 and the ?ber directing means 3 of 
0.2-100 mm for angled cleaving and anvil Widths of 0.2-100 
mm for perpendicular cleaving. Typically the de?ective force 
applied is no more than 0.1 to l NeWtons. 
[0107] The above description describes cleaving of a 125 
micron ?ber but it Will be Well understood that this is simply 
to exemplify the current invention and the method and appa 
ratus may be used on any siZe of ?ber. 

[0108] Cleaving may be carried out for larger ?ber of up to 
3 mm in diameter, using smaller ?ber de?ections for the same 
spacing or larger spacings for the same de?ection, than for 
125 micron diameter ?ber exempli?ed above. Cleaving is 
carried out for smaller ?ber as small as 30 microns in diam 
eter, using larger ?ber de?ections for the same spacing or 
smaller spacings for the same de?ection, than for 125 micron 
diameter ?ber.” 
[0109] In addition as the anvil de?ects the ?ber and the 
blade scratches the surface of the ?ber the ?ber is pulled 
longitudinally of its length adding further to the stresses gen 
erated in the ?ber 6 if the ?ber is “hard-” or “soft-clamped” by 
the ?ber de?ecting means 3. In the case of “non-trapping” 
clamping, no overall tension is induced in the ?ber because 
the ?ber can slip through the clamps. HoWever When the ?ber 
is “non-trap-” clamped on both sides of the cleaving point, i.e. 
the ?ber is free to move through the cleaving apparatus, 
cleaving can also be effected. 
[0110] The internal stresses induced in the ?ber 6 may be 
controlled by the degree of de?ection etc, the degree of the 
longitudinally extensive force applied and the curvature of the 
de?ection to suit the particular type of ?ber to be cleaved so 
that stress is present in the de?ected optical ?ber 6 at least 
across its optical core in the region of the blade 5. 
[0111] With the ?ber de?ected in the general manner indi 
cated the blade 5 is caused to scratch the surface of optical 
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?ber 6 and the cleave induced. In order to cleave the ?ber the 
cleaving blade is operated in the normal fashion and With the 
normal consideration With regard to the stresses induced in 
the optical ?ber such that once the ?ber has been scratched in 
the normal manner the cleave Will be completed across the 
core of the ?ber 

[0112] FIGS. 1a, 1b of the drawings illustrates the general 
fundamentals associated With the operation of the present 
invention. The general principle of the invention is suitable 
for producing either perpendicular or angled cleaves (up to 
8°) and its use is broad. The driving force may have been for 
terminating optical ?ber for use in the telecommunications 
?eld but the principle has application outside of this ?eld also. 
[0113] In the case Where a perpendicular cleave is desired 
then a single arm post arrangement Would be preferable for 
cost reasons. This does not negate the possibility of chieving 
angled cleaves and the angled cleaved faces shoWn in FIGS. 2 
and 9 may also be obtained from scratching the ?ber(s) at a 
point Where the anvil is located betWeen the cleave point and 
the clamps 2, as shoWn in FIG. 1b. The path of the cleave is 
angled toWards the point of contact of the anvil so that the end 
of the ?ber Which is later used (the Working end, on the right 
side of FIG. 1) is rounded, as shoWn in FIG. 1d. It is also 
possible to scratch the ?ber at a point betWeen the point of 
contact of the anvil and the clamps 2, as shoWn in FIG. 10. The 
resultant cleaved end is also angled, With a shape inverse and 
matching to that of FIGS. 2 and 9, but the direction of the 
cleave is again toWards the point of contact of the anvil and so, 
especially for end angles of greater than about 5 degrees form 
the perpendicular, the end of the ?ber Which is later used (the 
Working end, on the right side of FIG. 1) has a fragile protru 
sion, as shoWn in FIG. 1e. Such protrusions are generally not 
desirable, but this con?guration is advantageous in certain 
applications because the resultant cleaved end has not been 
touched by the anvil so is potentially higher strength Without 
any damage. The protrusion can be reduced by tensioning the 
?ber during cleaving and using “hard-clamping”. 
[0114] Further in each of the draWings referred to above 
and as folloWs the anvil is shoWn as a simple post. This Was to 
shoW the location of the anvil and had no intended implication 
that the invention Was only suitable for use With a single pole 
or arm anvil. The invention is suitable for use With any con 
ventional anvil and the actual choice of the anvil that is made 
Will depend on the application to Which the cleaving appara 
tus is designed for. 
[0115] HoWever Where an angled cleaved is desired a tWo 
arm arrangement Would be more suitable and may be 
adopted. This type of arrangement is shoWn in FIG. 1f of the 
draWings and provides an alternative Way of achieving angled 
cleaves to that described above for a single post system. In this 
particular arrangement the tWo arms of the anvil have differ 
ent heights and this difference in heights sets the standard 
cleave angle for the anvil. The cleave angle can then be 
adjusted by rotation of the anvil about a fulcrum to exacerbate 
the difference in height or reduce the effects of the difference 
in height. 
[0116] NoW referring to FIG. 2 of the accompanying draW 
ings there is provided a schematic representation of an angled 
cleaved end face of an optical ?ber made in accordance With 
the present invention, shoWing the contours of equal end 
angle (as measured by interference microscopy), the core of 
the ?ber and the initiation scratch. In this case the ?ber has 
been clamped With a “non-trapping” clamp. FIG. 9 shoWs a 
similar angle cleaved end face in Which “hard clamping” has 
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been used. It can be seen that the “hard clamped” cleaved 
surface is less rounded in the region distant from the initiation 
scratch, but “non-trapping”, “hard clamping” and the inter 
mediate “soft-clamping” all give controlled cleaves in Which 
the core of the ?ber is angled at about 8° aWay from the 
perpendicular, so eliminating back-re?ection. 

[0117] NoW referring to FIGS. 3 to 11 of the draWings there 
is described a cleaving technique suitable for use With ribbon 
?ber arrays. 

[0118] A ribbon ?ber Window-stripping apparatus accord 
ing to the present invention comprises: 

[0119] an electrically poWered, thermal stripping tool 
101, commercially available from Sumitomo Electric or 
otherWise 

[0120] a stretching cradle 201 Which serves to hold the 
thermal stripper to alloW smooth operation and limit the 
distance the ?ber coating 10, 11, 12 is slid along the 
?bers 13 

[0121] a movable clip 301 to hold the ribbon ?ber 10 
during stripping and in Which the WindoW stripped ?ber 
10, 21, 22 is transferred to the cleaving unit 504, 301, 
501 

[0122] The thermal stripping tool 101 is shoWn in FIGS. 5a 
and 5b in plan vieW and in cross-section, respectively. It is 
made up of: a loWer and upper base section, 102, 103 With an 
upper and loWer slider section 104, 105, Whereby the slider 
section is normally closed but can be moved in direction 106, 
sliding on rails 107,108, in order to pull off the coating. A 
heater strip 109 is incorporated in the loWer base section 102 
and is used to raise the temperature of the encapsulated ?ber 
to Weaken the bond betWeen the coating and the glass of the 
?bers. The tool must be left in heating mode for approxi 
mately 15 minutes after sWitch-on to Warm up. Blades 110, 
111 are used to cut through the heated coating so that the 
coating can be pulled off as a tube. 

[0123] The stripping tool is ?rst used to remove fully the 
distal end of the coating, as folloWs. The coated ribbon ?ber 
10 (see FIG. 3), With its encapsulation 11 surrounding the 
individual coating of the ?bers 12, the glass ?bers 13 and their 
cores 14, is placed in the movable ?ber clip 301 With approxi 
mately 20 mm of coated ?ber ribbon protruding from the end 
of the clip. The clip and ?ber are then loaded in to the stripper 
Where the stripper’s slider section 104, 105 is fully closed 
against the stripper’s base 102, 103. The lids of the base 103 
and the slider unit 1 05 are then closed such that the protruding 
?ber is heated by the heater strip 109 in the base unit 102 and 
the ?ber clip is securely held and pressed together by the top 
and bottom 104, 105 of the slider unit. After a period of 
approximately 5 seconds, the ?bers are suf?ciently Warm, 
having reached the stripper’s set temperature of about 85° 
90° C., and can be stripped. This is done by pressing together 
the top and bottom of the base unit 102,103 so that the oppos 
ing blades 110, 111 partially cut in to the coating 11, 12 ofthe 
ribbon. The slider unit’s top andbottom 104,105 are squeezed 
together, gripping the clip and ?ber, and pulled along its rails 
1 07, 1 08 aWay from the base unit until it reaches the end of the 
rails, so fully stripping the distal end of the ?ber ribbon. The 
stripped ?ber in its clip is removed and the stripped coating 
removed from the tool. Because of the position of the cutting 
blades in the stripper, approximately 3 mm of coating remains 
protruding from the clip and approximately 17 mm of 
stripped ?ber makes up the distal end of the ribbon. FIG. 4a. 
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shows the stripped ?ber resulting from the ?rst operation of 
the tool With the stripped ?bers 20 and the unstripped coating 
10. 
[0124] The ribbon ?ber is repositioned in the movable clip 
301 so that approximately an extra 10 mm of coating pro 
trudes from the clip, as Well as the length previously stripped. 
The clip and the repositioned ?ber are then replaced in the 
stripping tool. The stripping tool 101 is then placed in a cradle 
201 so that the coating can only be slid a short distance along 
the ?ber. The stripping tool 101 is placed on top of the rails of 
the cradle 211, 212, butting up against the cradle end 213. 
[0125] A second operation of the tool is carried out, com 
prising: loading the ?ber and clip into the tool, closing the tWo 
lids, Waiting for 5 seconds for the ?ber to Warm up, pressing 
together the top and bottom of the base unit to cause the 
opposed blades to partially cut the ribbon, and ?nally pres sing 
together the top and bottom 104, 105 of the slider unit to grip 
the clip and sliding it aWay from the base unit along the rails 
211, 212 in the cradle until it hits the adjustable end stop 214. 
[0126] The stop 214 limits the length by Which the second 
piece of coating is removed from the ?bers. Consequently a 
coating glove 22 remains on the stripped ?bers 21 (see FIG. 
2b). The stop 214 is adjusted so that approximately 10 mm 
length of ?bers is WindoW-stripped and approximately 10 mm 
of coating glove remains on the stripped ?ber. When the clip 
301 and stripped ?ber is removed from the stripper, the coat 
ing glove cools doWn and reforms a bond With the glass of the 
?bers. 
[0127] It Will be understood that the second stripping action 
leading to the formation of the coating glove can also be 
carried out using the stripper Without the cradle 211, 212. 
[0128] The coating glove should be Well formed and it 
should not buckle the ?bers thereWithin. Only if the coating 
glove is Well formed can it be placed in the ?xed clip 501 of 
the ?ber cleaver. Factors that lead to a poor coating glove 
include: 

[0129] loW temperature of stripping toolileave for 15 
minutes after start-up before using non-axial motion of 
the slider unit but this is substantially improved using the 
cradle and sliding the slider unit along the rails 

[0130] incomplete stripping of the encapsulation is often 
caused by insu?icient clamping force to grip the ?ber 
ribbon. 

[0131] The tool can WindoW-strip ribbons containing 
between 1 and 24 ?bers or more. 

[0132] Various applications of the apparatus described and 
shoWn in FIGS. 3 and 11 are discussed in Which the use of a 
WindoW stripped coating glove is advantageous. 
[0133] In one application, the WindoW stripped ?ber ribbon 
21 can be placed in a ribbon ?ber cleaver to create angled or 
perpendicular cleaved ends. FIG. 6 shoWs the WindoW 
stripped ?ber clamped in to the cleaver With an anvil 507 
tensioning and shearing each ?ber in the ribbon With substan 
tially equal forces on each ?ber in the ribbon. The movable 
clip 301 containing the WindoW-stripped ?ber ribbon is 
placed in a cleaving jig (see FIG. 6, 7), in Which the movable 
clip 301 is securely held in to the body of the cleaver and such 
that it is pressed up against a stop 502 to ensure a consistent 
cleave length. Such securing means can be achieved by a 
magnetic arrangement, by a clip arrangement or otherWise. 
[0134] The coating glove 22 is held by a second clip 501 
that is ?xed to the cleaver body. When the clip is closed, the 
coating glove is securely closed. Provided the WindoW strip 
ping has been carried out to produce a clean coating glove that 
avoids buckling the ?bers, the coating glove is clamped by the 
?xed clip such that the stripped ?bers lie straight and unbuck 
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led in the cleaver. The tWo clips serve to clamp the ?ber 
coatings and therefore serve to clamp at tWo points each ?ber 
contained Within the coating 
[0135] In one application of this invention, the WindoW 
stripped ribbon ?ber is placed in an angled cleaving jig, 
constructed according to the teachings of Murgatroyd, PCT/ 
GB98/ 01 598. An angled cleaved end is achieved by shearing 
a ?ber or ?bers betWeen the abrupt edge 503 of a one-armed 
anvil 504 and the closely located edge 506 of the ?xed clamp 
501. 
[0136] On operation of the cleaving tool, an anvil 504 
moves in direction 507 to de?ect laterally the WindoW 
stripped ?bers clamped in their coatings at a point betWeen 
the tWo clamps 301, 501 (see FIG. 6, 7). The anvil movement 
lengthens the ?bers ?xed betWeen their tWo clamps and so 
tensions them. For a clamp spacing of about 10 mm and an 
anvil de?ection in the range of 0.3-1.0 mm, the ?bers are 
lengthened su?iciently to impart a tensile force of the order of 
2 NeWtons. The exact magnitude of the de?ection required to 
create the appropriate tension is dependent on the compliance 
of the bond betWeen the coating glove and the ?bers, and so 
the ?bers should be cleaved and examined and the de?ection 
adjusted to obtain the correct tension for optimum cleaving. 
[0137] The anvil movement also serves to shear the ?bers 
betWeen the edge of the anvil 503 and the edge of the ?xed 
clamp 506 (see FIG. 7). The tensioned and sheared ?bers are 
then scratched by a diamond blade 510 to initiate an angled 
cleave. The diamond blade may be moved to contact the 
stressed ?bers or the action of de?ecting the ?bers can cause 
them to come into contact With the blade, or otherWise. In all 
cases the blade scratches each ?ber to cause an initiator crack 
604 Which is propagated across each stressed ?ber as a cleave. 
In FIG. 9, the blade 510 is mounted on its support 511 Which 
sWings about a pivot 512 and is actuated in direction 513, may 
move at a acute angle alpha, 0t to scratch the ?ber (see FIG. 8), 
so reducing the cutting stresses or may fall aWay under the 
action of the scratching. Preferably the ?bers should be 
scratched at a point Where xl<x2 at a point on the outside of 
the bend to alloW easy penetration of the blade in to the ?ber. 
[0138] It has been found that it is possible to achieve end 
angles in the range of l°-60° by altering the values of x1, x2 
and h. The value of x 1 +x2 can be altered betWeen 0.1 mm and 
approximately 3 mm. Satisfactory cleaves are not obtained 
for greater than 3 mm because of the ?exibility of the 125 
micron diameter ?bers. Larger and smaller ?ber diameters 
can be cleaved by suitable choice of x1, x2 and h. 
[0139] The diamond blade 510 should preferably have a 
length at least as long as the Width of the ?ber ribbon, i.e. a 
length of greater than 1 .0 mm for a 4-?ber ribbon. The height 
of the diamond blade can be adjusted so that the blade is 
horiZontal at the point of scratching the ?bers so that all ?bers 
cleave almost simultaneously. This has advantages in main 
taining consistent stresses in all of the ?bers, giving more 
consistent cleave lengths. It also means that the movement of 
the diamond blade can be stopped soon after scratching so 
that the blade does not signi?cantly touch the cleaved ?ber 
ends. 
[0140] The angle cleaved ?ber ends 601 have a shape as 
shoWn in FIG. 9, shoWing the contours of equal end angle 602 
(as measured by interference microscopy), the core of the 
?ber 603 and the initiation scratch 604. The center of the 
cleaved ?ber is at a repeatable angle of about 8° aWay from the 
perpendicular. The angle of the core can be controlled by 
adjustment of x1, x2 and h, as taught in Murgatroyd. 
[0141] The end angle of the core can be adjusted by chang 
ing the magnitude of the de?ection h of the anvil, although 
such a change also affects the tension present in the ?bers. 








